Life in the intertidal: Cellular responses, methylation and epigenetics by Clark, M.S. et al.
This is a repository copy of Life in the intertidal: Cellular responses, methylation and 
epigenetics.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/139088/
Version: Published Version
Article:
Clark, M.S., Thorne, M.A.S., King, M. et al. (3 more authors) (2018) Life in the intertidal: 
Cellular responses, methylation and epigenetics. Functional Ecology, 32 (8). pp. 
1982-1994. ISSN 0269-8463 
https://doi.org/10.1111/1365-2435.13077
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
1982Պ|Պwileyonlinelibrary.com/journal/fec  Functional Ecology. 2018;32:19821994.
 
!;1;b;7ĹƑƒ";r|;l0;uƑƏƐƕՊ |Պ 11;r|;7Ĺƕ;0u-uƑƏƐѶ
DOI: 10.1111/1365-2435.13077
R E S E A R C H  A R T I C L E
Life in the intertidal: Cellular responses, methylation and 
epigenetics
Melody S. Clark1 Պ|Պb1_-;Ѵĺ"ĺ$_oum;1Պ|Պb1_;ѴѴ;bm]1Պ|Պ;Ѵ;mbrr;uvom2Պ|Պ 
ov;r_ĺo==l-m3Պ|ՊѴo7"ĺ;1h1
1ub|bv_m|-u1|b1"u;ķ-|u-Ѵ
mbuoml;m|!;v;-u1_om1bѴķ-l0ub7];ķ
UK
2!boloѴ;1Ѵ-um-Ѵvbv
-1bѴb|ķ	;r-u|l;m|o=mbl-Ѵ-m7Ѵ-m|
"1b;m1;vķ&mb;uvb|o="_;==b;Ѵ7ķ"_;==b;Ѵ7ķ
UK
3	;r-u|l;m|o=mbl-Ѵ;_-bouķ
&mb;uvb|o=b;Ѵ;=;Ѵ7ķb;Ѵ;=;Ѵ7ķ;ul-m
Correspondence
Melody S. Clark
Email: mscl@bas.ac.uk
Funding information
-|u-Ѵmbuoml;m|!;v;-u1_om1bѴķ
u-m|ņ-u7l0;uĹѶƓƑ
-m7Ѵbm]7b|ouĹb1_-;Ѵ=u;m7;u
0v|u-1|
Ɛĺ _;mo|rb1rѴ-v|b1b|bv;vv;m|b-Ѵ=ou|_;r;uvbv|;m1;o=ou]-mbvlvm7;u1_-m]bm]
environmental conditions but the control of the relevant cellular mechanisms in-
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;|;m7;7-11Ѵbl-|bombm-ľ1ollom]-u7;m-t-ublĿoѴ7u;v;|-m7
u;lo;-m7b==;u;m1;vbm];m;;ru;vvbom-m7l;|_Ѵ-|bom0;|;;m
intertidal and subtidal cohorts.
ƑՊ |Պ$! "	$	"
ƑĺƐՊ|Պr;ubl;m|-Ѵ7;vb]m
mbl-Ѵv;u;1oѴѴ;1|;7-|!o|_;u-!;v;-u1_"|-|bomķ7;Ѵ-b7;vѴ-m7ķ
m|-u1|b1 ;mbmvѴ- ŐѵƕoƒƓE?ƏƕE?"ķ ѵѶoƏƕE?ƒƏE?)ő 7ubm] |_; -v|u-Ѵ
  + )  ! 	 "
m|-u1|b1ķ-m|bob7-m|vķ1|ovh;Ѵ;|omķ]Ѵ|-|_bomѴ-|bomķl;|_Ѵ-|bomŊv;mvb|b;-lrѴb=b;7
roѴlour_bvlŐ"őķNacella concinnaķr;m|ov;v_m|r-|_-ķu;-1|b;o];mvr;1b;v
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summer. Intertidal animals were hand collected and subtidal animals 
1oѴѴ;1|;70"&7b;uv=uolƐƔlĺ$_;-mbl-Ѵvruo71;71orb-
ov-lom|vo=l1v_;m7;|-1_;7=uoluo1hv7ubm]1oѴѴ;1|bom
vo |_;;u;_;Ѵ7 bm |_; =ѴoŊ|_uo]_-t-ubl-|!o|_;u-m7;u
ambient sea water conditions (c.ƏŦő =ouƑ7-vrubou |o v-lrѴbm]
|o7bvr;uv;|_;l1vĺ$o7bv|bm]bv_|_;|u-mvrѴ-m|;7-mbl-Ѵvķ|_;
v_;ѴѴv ;u; r-bm|;7 ;ѴѴo ŐƐƑƏ bm|;u|b7-Ѵ -mbl-Ѵvő -m7 _b|; ŐƐƑƏ
v0|b7-Ѵ-mbl-Ѵvőĺ=|_;v;ķѵƏ;u;u;|um;7|o|_;buoub]bm-Ѵ_-0b-
|-| -m7 ѵƏ ;u; |u-mvrѴ-m|;7 |o |_; -Ѵ|;um-|b; u;]bl; Őb]u;Ɛőĺ
$_;bm|;u|b7-Ѵ-mbl-Ѵv;u;rѴ-1;7-||_;v_ou;;m7o=-Ѵom]];m|Ѵ
vѴorbm] uo1h ]ѴѴ Őc. Ѷl Ѵom]őķ _b1_ |_;m 7uorr;7 v|;;rѴ bm|o
7;;r-|;uĺ$_;v0|b7-Ѵ-mbl-Ѵv;u;rѴ-1;7omѴ-u];=Ѵ-|uo1hv-|
ƐƔlŐb]u;Ƒőĺm;lom|_Ѵ-|;uķ|ov;|vo=|u-mvrѴ-m|;7-mbl-Ѵv
were sampled (each of nƷƑƓőĺ$_u;;v;|vo=1om|uoѴvŐ;-1_o=nƷƑƓő
;u;-Ѵvov-lrѴ;7 =uol;-1_om;Ĺ bm|;u|b7-Ѵ-m7v0|b7-Ѵ-mbl-Ѵv
-||bl;robm|;uoķbm|;u|b7-Ѵ-m7v0|b7-Ѵ-mbl-Ѵv-|Ɛlom|_Ő|bl;ņ
v;-vom-Ѵ1om|uoѴő-m7r-bm|;7-mbl-Ѵv|_-|_-70;;mrѴ-1;70-1hbm|o
|_;bu oub]bm-Ѵ _-0b|-| -m7 v-lrѴ;7 -| Ɛlom|_ Ől-mbrѴ-|bom 1om-
|uoѴvőŐb]u;Ɛķ$-0Ѵ;Ɛőĺou;-1_-mbl-Ѵķ|_;v_;ѴѴѴ;m]|_ķ_;b]_|-m7
b7|_;u;l;-vu;7b|_;umb;u1-Ѵbr;uvŐllőĺ
ƑĺƑՊ|Պblr;|lb]u-|bom
	ubm] |_; ;r;ubl;m|ķ |_; |u-mvrѴ-m|;7 -mbl-Ѵv v|-u|;7 |o lo;
0-1h |o |_;bu oub]bm-Ѵ _-0b|-|ĸ _;m1;ķ -7 _o1 o0v;u-|bomv o= |_;
lo;l;m| o= |_; |u-mvrѴ-m|;7 Ѵblr;|v ;u; 1-uub;7 o|ĺ -bm|;7
 &! ƐՊRepresentation of both the 
|u-mvrѴ-m|-m7-11Ѵbl-|bom;r;ubl;m|-Ѵ
7;vb]mv
 &! ƑՊ Intertidal and subtidal 
;mbuoml;m|vm;-u!o|_;u-ĺŐ-ő;m;u-Ѵ
b;o=|_;bm|;u|b7-Ѵu;]bom-uom7
!o|_;u-0-v;ĸŐ0ő7bu;1|b;o=|_;]ѴѴ
_;u;|_;Ѵblr;|v;u;|u-mvrѴ-m|;7ķ
=bѴѴ;7b|_0u-v_b1;ĸŐ1ő|u-mvrѴ-m|;7
Ѵblr;|vbm|_;bm|;u|b7-ѴĸŐ7ő|u-mvrѴ-m|;7
Ѵblr;|vbm|_;v0|b7-Ѵ-|ƐƔlĺ_o|ov
1ou|;vo=Ѵo7;1h
(a) (b)
(c) (d)
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v_;ѴѴ1oѴou-vmo|;7-m7-mbl-Ѵrovb|bomѴo]];7;b|_;u0l;-vu-
bm]_o=-u|_;_-7lo;7=uol|_;oub]bm-Ѵvb|;|_;;u;|u-mv-
rѴ-m|;7|oou0u-mhbm]|_;burovb|bombm|;ulvo=7bv|-m1;lo;7ĺ
ƑĺƒՊ|Պ!;|u-1|bomruo|o1oѴ-m7v;t;m1bm]
!-v;|u-1|;7=uol|_;=oo||bvv;ŐnƷѵő=ou;-1_v;|o=1om|uoѴ
-m7|u-mvrѴ-m|;7-mbl-Ѵvvbm]$!u;-];m|ŐboѴbm;ő-m7rub=b;7om
!;-vlbmbŊ1oѴlmvŐ b-];mő-11ou7bm]|ol-m=-1|u;uvĽbmv|u1-
|bomvĺ ! -v t-m|b=b;7 vbm] - -mo	uor 	ŊƐƏƏƏ Ő-0$;1_
m|;um-|bom-Ѵőĺ $_; bm7bb7-Ѵv =uol ;-1_ |u;-|l;m| ŐnƷѵő ;u;
rooѴ;7 bm ;t-Ѵ -lom|v =ou !Ŋ";t |o ruo71; - vbm]Ѵ; Ѵb0u-u
=ou ;-1_ |u;-|l;m|ĺ m bmb|b-Ѵ v;t;m1bm] umķ vbm] |o v;r-u-|;
libraries of pooled subtidal and intertidal control animals was per-
=oul;7 om |_; !o1_; ƓƔƓŊ"Ŋ* $b|-mbl rѴ-|=oul Ő&mb;uvb|
o=-l0ub7];ķ	;r-u|l;m|o=bo1_;lbv|u";t;m1bm]-1bѴb|ő|o
1om=bul;ru;vvbom7b==;u;m1;v0;|;;m|_;bm|;u|b7-Ѵ-m7v0|b7-Ѵ
1o_ou|v0;=ou;lou;;|;mvb;v;t;m1bm]o=|_;|u-mvrѴ-m|;r;ub-
l;m|ĺu|_;uv;t;m1bm]-vr;u=oul;7om-ѴѴ1om|uoѴ-m7|u-mv-
rѴ-m||u;-|l;m|vom-mѴѴlbm--|7bm0u]_;molb1vĺ
ƑĺƓՊ|Պ$u-mvrѴ-m|;r;ubl;m|Ĺ;m;u-|bomo=
0-1h0om;|u-mv1ubr|ol;-m7l-rrbm]
$_; v;t;m1;v =uol |_; oub]bm-Ѵ ƓƔƓ ruov;t;m1bm] um
ŐƐƐķѵѶѶķѶƓƒu;-7vő;u;-vv;l0Ѵ;7vbm];0Ѵ;uŐ!o1_;őķb;Ѵ7bm]
ƖķѶƏƐ1om|b]vb|_-l;-mѴ;m]|_o=ѵƓѵ0rĺ$_;v;;u;-mmo|-|;7
vbm]|_;;m-mhmu7-|-0-v;Ő;mvomķ-uv1_Ŋbu-1_bķbrl-mķ
v|;ѴѴķş)_;;Ѵ;uķƑƏƏƕővbm]-|_u;v_oѴ7-Ѵ;=ou-mmo|-|bomo=
any matches below 1eƴƐƏĺ $o u;rѴb1-|; umv =uol;-1_o= |_; vb
|u;-|l;m|v;u;umom|_;u;vѴ|bm]bmƒƏŊ0rv;t;m1;vo=
v0|b7-Ѵ1om|uoѴ|bl;ƏŐ"$őƷƐƐķѵƖƔķƐƐƏĸv0|b7-Ѵ1om|uoѴƐlom|_
Ő"$ƐőƷƓķƕƑƒķƓƏƑĸv0|b7-Ѵr-bm|;71om|uoѴŐ"$"$őƷƔķƓƕƔķƓƖƕĸbm-
|;u|b7-Ѵ1om|uoѴ|bl;ƏŐ$őƷƓķƕѶƔķƏѶƖĸbm|;u|b7-Ѵ1om|uoѴƐlom|_
Ő$ƐőƷƒķƖƒƏķƑѵƕĸ bm|;u|b7-Ѵ r-bm|;7 1om|uoѴ Ő$$őƷƐѵķƖƖƐķƕƕƒĸ
bm|;u|b7-Ѵ |u-mvrѴ-m| Ő$"$őƷƔķƓƓƏķѵƐѵĸ v0|b7-Ѵ |u-mvrѴ-m|
Ő"$$őƷƔķƑƏƖķƑƕƑĺ$_;v;;u;l-rr;7om|o|_;u;=;u;m1;1om|b]v
vbm]-tŐbķ!-mķş	u0bmķƑƏƏѶőĺ$_u;;-rruo-1_;v;u;v;7
|o 7;|;ulbm; |_; vb]mb=b1-m|Ѵ 7b==;u;m|b-ѴѴ ;ru;vv;7 1om|b]v -m7
|oo=|_;v;;u;-rrѴb;7v;t;m|b-ѴѴ|o|_;|u-mvrѴ-m||u;-|l;m|v
=ou -77;7 v|ubm];m1ĺ  moul-Ѵbv;7 |u-mv1ubr|v r;u lbѴѴbom Ő|rlő
-Ѵ;=uol|_;l-rrbm]om|o|_;1om|b]-v1olr-u;7|o|_;1om|uoѴ
v;|07bb7bm]|_;|rl-Ѵ;|o|_;l-bllo=|_;1om|uoѴv;|Ő=ou
"$Ĺ"$$ņl-Ő"$ķ"$Ɛķ"$"$őőĺ|o=oѴ71|Ŋo==1ub|;ub--vu;-
tbu;7=ouv;Ѵ;1|bom-||_bvv|-];ĺ$_;v;|_;1om|v-vv;7bm-m-
o|_;u-rruo-1_bm-u-|bo|;v|_;u;|_;l-rrbm]=ou-|u-mvrѴ-m|v;|ķ
=ou;-lrѴ;"$$ķ-v|;v|;7-]-bmv|;-1_7b==;u;m|1om|uoѴv;|bm7;-
r;m7;m|ѴŐbĺ;ĺ"$$1olr-u;7|o"$ķ"$$1olr-u;7|o"$Ɛ-m7
"$$1olr-u;7|o"$"$ő-m7|_;p- values adjusted with a selection 
cut- off of .01. The final results were the joint selection of these two 
1ub|;ub-ĺ$_;-;vb-mlo7;ѴѴbm]ruo]u-lBAYSEQŐ-u71-v|Ѵ;ş;ѴѴķ
ƑƏƐƏő-vv;7vbm]|_bvu;rѴb1-|;v|u1|u;|o7;|;ulbm;|_;ror-
lation differences with an adjusted p- value cut- off of .05. Different 
1|Ŋo==v;u;v;7-11ou7bm]|o|_;-rruo-1_-v|_;v;Ѵ;1|bom1ub-
|;ub--u;bm7;r;m7;m|ĸ|_;$-m7=oѴ71_-m];u;tbu;v|ub1|;up- 
-Ѵ;1|Ŋo==vķ_;u;-v|_;-v;tbv-Ѵu;-7v|ub1|ķ-m7|_;1|Ŋo==
-Ѵ; -v 1_ov;m |o u;|ub;; |_; lov| vb]mb=b1-m| u;vѴ|bm] ];m;vĺ
The final selection was an intersection of these two independent 
$ ƐՊrѴ-m-|bomo=|_;;r;ubl;m|-Ѵu;]bl;v-m7-vvo1b-|;7v-lrѴbm]
Samples r;ubl;m|-Ѵ-Ѵ;
Subtidal controls
"0|b7-Ѵ-mbl-Ѵvv-lrѴ;7-||bl;ƏŐ"$ő om|uoѴ-||_;v|-u|o=|_;;r;ubl;m|
"0|b7-Ѵ-mbl-Ѵvv-lrѴ;7-|Ɛlom|_Ő"$Ɛő om|uoѴ-||_;;m7o=|_;;r;ubl;m|Ő|;lrou-Ѵ1om|uoѴő
"0|b7-Ѵ-mbl-Ѵvķv_;ѴѴvr-bm|;7-m7u;rѴ-1;7-|ƐƔlŐ"$"$ő om|uoѴ=ou;r;ubl;m|-Ѵl-mbrѴ-|bomŐr-bm|;7ő-m7-Ѵvo|bl;ķ-vv-lrѴ;7-|
|_;;m7o=|_;;r;ubl;m|Ő|;lrou-Ѵ-m7l-mbrѴ-|bom1om|uoѴő
Intertidal controls
m|;u|b7-Ѵ-mbl-Ѵvv-lrѴ;7-||bl;ƏŐ$ő om|uoѴ-||_;v|-u|o=|_;;r;ubl;m|
m|;u|b7-Ѵ-mbl-Ѵvv-lrѴ;7-|Ɛlom|_Ő$Ɛő om|uoѴ-||_;;m7o=|_;;r;ubl;m|Ő|;lrou-Ѵ1om|uoѴő
m|;u|b7-Ѵ-mbl-Ѵvķv_;ѴѴvr-bm|;7-m7u;rѴ-1;7bm|o|_;
bm|;u|b7-Ѵom;Ő$$ő
om|uoѴ=ou;r;ubl;m|-Ѵl-mbrѴ-|bomŐr-bm|;7ő-m7-Ѵvo|bl;ķ-vv-lrѴ;7-|
|_;;m7o=|_;;r;ubl;m|Ő|;lrou-Ѵ-m7l-mbrѴ-|bom1om|uoѴő
Transplanted animals
"0|b7-Ѵ-mbl-Ѵv|u-mvrѴ-m|;7|o|_;bm|;u|b7-Ѵom;Ő"$$ő Transplant
m|;u|b7-Ѵ-mbl-Ѵv|u-mvrѴ-m|;7|oƐƔlŐ$"$ő Transplant
9- Month acclimation
m|;u|b7-Ѵ-mbl-Ѵv-11Ѵbl-|;7bm|_;-t-ubl=ouƖlom|_v
Ő$ő
ollom]-u7;m-11Ѵbl-|bombm|_;-t-ubl
"0|b7-Ѵ-mbl-Ѵv-11Ѵbl-|;7bm|_;-t-ubl=ouƖlom|_v
Ő"$ő
ollom]-u7;m-11Ѵbl-|bombm|_;-t-ubl
Sample codes are in brackets.
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-rruo-1_;vĺ $_ov; ru;]Ѵ-|;7 |u-mv1ubr|vķ _b1_ ;u; r|-|b;Ѵ
-mmo|-|;7vbm]Ѵ-v|v;t;m1;vblbѴ-ub|v;-u1_bm];u;l-m-ѴѴ
;ub=b;7-m7|_;m=u|_;u-m-Ѵv;7vbm]|_;STRINGruo]u-l|obv-
-Ѵbv;ro|;m|b-Ѵruo|;bmŋruo|;bmbm|;u-1|bomvvbm]&mbuo|_l-m
b7;m|b=b;uvŐ_||rvĹņņv|ubm]Ŋ70ĺou]ņőĺ
ƑĺƔՊ|Պ11Ѵbl-|bomv|7b;v
=u|_;uv;|o=bm|;u|b7-Ѵ-m7v0|b7-Ѵ-mbl-Ѵv-v1oѴѴ;1|;7bm|_;-v-
tral summer of 2014. These were transported to the UK and held sepa-
u-|;Ѵ bm |_;-l0ub7];-t-ubl =ouƖlom|_v bm - 1ollom]-u7;m
;r;ubl;m|ĺ$_;-t-ublbv-u;Ŋ1bu1Ѵ-|bomvv|;l_;Ѵ7-|ƏƼƏĺƐŦķ
v-Ѵbmb|-|ƒƓrvŐƼƐő-m7-ƐƑĹƐƑѴb]_|Ĺ7-uhu;]bl;ĺ$_;-mbl-Ѵv;u;
_;Ѵ7bm|_;v-l;-t-ubl|-mh-|vblbѴ-u7;mvb|b;vķ0||_;v0|b7-Ѵ-m7
bm|;u|b7-Ѵ1o_ou|v;u;h;r|v;r-u-|;7ĺ$_;=;7om-Ѵ]-;]uobm]om|_;
-t-ubl-ѴѴvĺ$_;u;;u;molou|-Ѵb|b;v7ubm]|_;-11Ѵbl-|bomr;ubo7ĺ
$_;!v=uol=oo||bvv;;u;;|u-1|;7-v7;v1ub0;7-0o;=uolvb
vblbѴ-u vb;7-mbl-Ѵv =uol |_; bm|;u|b7-Ѵ Őv_;ѴѴ vb;ƷƑƔĺƑѶƼƏĺƒƏll
SEl;-mő-m7|_;v0|b7-ѴŐv_;ѴѴvb;ƑƔĺƓƼƏĺƓѶllSEl;-mőĺ$_;u;
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intertidal controls.
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;mub1_l;m| o= =m1|bom-Ѵ ]uorv Őp = 2.29eƴƐƑķ b|_ ;r;1|;7 bm-
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volved in actin cytoskeleton pathways were distributed around the 
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associated with the classical cellular stress response. The STRING en-
ub1_l;m|vv_o;7vrrou|=ou|_;l-bm=m1|bom-Ѵ]uorvb7;m|b=b;7
|_uo]_ |_; l-m-ѴѴ ;ub=b;7 Ѵ-v| v;t;m1; vblbѴ-ub| v;-u1_bm]
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annotations showed a relationship with the cytoskeleton and two 
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response to this new harsh environment where there is considerable 
mechanical stress on the shells due to brash ice and wave action 
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Ő$-0Ѵ;"ƒőĺ m 1om|u-v|ķ vb]mb=b1-m| ;mub1_l;m| -v o0v;u;7 bm
the STRING ruo]u-l Őp = 4.31eƴƕķ b|_ ;r;1|;7 bm|;u-1|bomv -|
$ ƑՊ$_;ml0;uo=|u-mv1ubr|vru;]Ѵ-|;7bm|_;|u-mvrѴ-m|;7-mbl-Ѵv1olr-u;7b|_1om|uoѴ-mbl-Ѵvbm0o|_|_;bm|;u|b7-Ѵ-m7
v0|b7-Ѵom;v-m7|_;-11Ѵbl-|bom;r;ubl;m|
$u-mvrѴ-m| ru;vvbomruo=bѴ;1olr-ubvom
oo=|u-mv1ubr|v
upregulated -u];v|;ru;vvbom7b==;u;m1;v
Intertidal )b|_oub]bm-Ѵ;mbuoml;m|Őbm|;u|b7-Ѵő ƐƔƓŐƒƒő
Intertidal )b|_|u-mvrѴ-m|;mbuoml;m|Őv0|b7-Ѵő ƔƔƒŐƐƓƕő +553
Subtidal )b|_oub]bm-Ѵ;mbuoml;m|Őv0|b7-Ѵő ƔƑƒŐƐƑƒő +523
Subtidal )b|_|u-mvrѴ-m|;mbuoml;m|Őbm|;u|b7-Ѵő ƐѶƏŐƒƖő
11Ѵbl-|bom Comparison
oo=|u-mv1ubr|v
upregulated &mbuo|-mmo|-|bomv
Intertidal )b|_-t-ubl-11Ѵbl-|;7v0|b7-Ѵ-mbl-Ѵv ƓѵƖŐƐƒƔő 85
Subtidal )b|_-t-ubl-11Ѵbl-|;7bm|;u|b7-Ѵ-mbl-Ѵv ƓƑƕŐƖѵő 59
$_;ml0;uvbm0u-1h;|vv_o|_;ml0;uo=|u-mv1ubr|vb|_-mmo|-|bom7;=bm;7vbm]Ѵ-v|v;t;m1;vblbѴ-ub|v;-u1_bm]ĺ
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p = 1.14e+1ő =ou |_; bm|;u|b7-Ѵ -11Ѵbl-|;7 7-|-ĺ m; vl-ѴѴ m;|-
ouho=Ɛƕ];m;v-v b7;m|b=b;7ķ_b1_1;m|u;7mo|omѴ-uom7
|u-mv1ubr|v r|-|b;Ѵ bmoѴ;7 bm ]Ѵ|-|_bomѴ-|bom Őu;vromv; |o
ob7-|b;v|u;vv-m7vb]m-ѴѴbm]őķ0|-Ѵvobm1Ѵ7;7o|_;u|u-mv1ubr|v
bmoѴ;7 1ol0-|bm] u;-1|b; o];m vr;1b;v Ő!"őķ |_; r;m|ov;
v_m|r-|_--m7l;l0u-m;|u-mvrou|;uvu;ru;v;m|bm]-u;vb7;
o=|_;m-|b;bm|;u|b7-Ѵ];m;;ru;vvbomruo=bѴ;Őb]u;Ɠķ$-0Ѵ;vƒ
-m7 "Ɠőĺ $_vķ =u|_;u -Ѵb7-|bm] |_; bmb|b-Ѵ ];m; ;ru;vvbom 7b=-
ferences between intertidal and subtidal cohorts obtained from 
animals sampled in the wild.
ƒĺѶՊ|Պ;|_Ѵ-|bomv|7b;v
lvŊ ];mo|r;v ;u; ];m;u-|;7 =ou - u;ru;v;m|-|b; v0v;|
o= ƒƒ bm7bb7-Ѵv Ő1om|uoѴvķ |u-mvrѴ-m|v -m7 -11Ѵbl-|;7Ĺ ѵƵ$ķ
ѵƵ"$ķѵƵ$ķƓƵ"$ķѵƵ$"$ķƔƵ"$$ő=ouƐƕƑѴo1bĺ=|_;
ƐƕƑ Ѵo1bķ ƕƐ ;u; 1Ѵ-vvb=b;7 -v l;|_Ѵ-|bomŊvv1;r|b0Ѵ; Ő"ĸ ƔƑ
o= |_;v; roѴlour_b1ő -m7 ƐƏƐ -v ml;|_Ѵ-|;7 Őĸ ƓƔ roѴ-
lour_b1őĺ $_;u; -v - vb]mb=b1-m| 7b==;u;m1; bm lvŊ 7b;u-
vb| 0;|;;m " -m7 ķ b|_ "_-mmom 7b;uvb| bm7b1;v o=
S = ƏĺƔƐƼƏĺƐƓSD and S = ƏĺƒƔƼƏĺƐѵSDķu;vr;1|b;ѴŐW = ƐƕѶƕķ
p < ĺƏƏƏƐőĺ$_;u;-vvb]mb=b1-m|;rb];m;|b17b==;u;m|b-|bomŐl;|_-
Ѵ-|bom r-||;umvő -lom] -ѴѴ ]uorv ŐΦSTƷƏĺƐƑƏķ p < ĺƏƏƐő 0| mo
];m;|b1 7b==;u;m|b-|bom -1uovv -ѴѴ momŊl;|_Ѵ-|;7 0-m7v v1ou;7
(ΦSTƷƏĺƏƏƖķ p < ĺƒƐƕőĺ -bubv; 1olr-ubvomv 0;|;;m v0|b7-Ѵ
-m7bm|;u|b7-Ѵ]uorv=ou|_u;;|u;-|l;m|vŐ1om|uoѴv-||_;v|-u|o=
|_;|u-mvrѴ-m|;r;ubl;m|ķ|u-mvrѴ-m|;7-mbl-Ѵv-m7ƖŊlom|_-1-
1Ѵbl-|;7bm7bb7-Ѵvőu;;-Ѵ;7vb]mb=b1-m|;rb];m;|b1Ől;|_Ѵ-|bomő
differentiation for C (ΦSTƷƏĺƐƒƐķ p = ĺƏƏƔő -m7 $ ŐΦSTƷƏĺƐѵƔķ
p = ĺƏƏƖőķ bm7b1-|bm] ;rb];m;|b1 ;==;1|v -vvo1b-|;7 b|_ _-0b-
tat. This difference was not observed for the acclimated sam-
ples (ΦSTƷƴƏĺƏƏƓķ p = ĺƔƓƏőķ v]];v|bm] Ѵovv o= _-0b|-|Ŋvr;1b=b1
methylation patterns over the 9- month time- scale. There was no 
vb]mb=b1-m| ];m;|b1 7b==;u;m|b-|bom =ou -m o= |_; r-bubv; 1ol-
parisons (C ΦSTƷƴƏĺƏƔѶķp = .945; T (ΦSTƷƴƏĺƏƐƖķp = ĺѵƏƒőĸƐ
(ΦSTƷƴƏĺƏƏƔķp = ĺƔѵѶőķv0v|-m|b-|bm]ru;bovrorѴ-|bom
-m-Ѵv;vo=|_bvvr;1b;vbm|_bv-u;-Őo==l-m;|-ѴĺķƑƏƐƏőĺ
ƓՊ |Պ	"&""
These data describe for the first time detailed intertidal and subtidal 
];m; ;ru;vvbom ruo=bѴ;v -m7 v_o |_-| 7u-0Ѵ; ruo]u-ll;7 -Ѵ-
|;u-|bom bm];m;;ru;vvbomrѴ-v-vb]mb=b1-m|uoѴ; bmloѴ7bm] Ѵb=;
|o|_;v|u;vv=Ѵ bm|;u|b7-Ѵ Ѵb=;v|Ѵ;ĺ$_;];m;;ru;vvbomruo=bѴ;vo=
N. concinna=uol|_;bm|;u|b7-Ѵ-m7v0|b7-Ѵ;u;1_-m];7om|u-mv-
rѴ-m|-|bomķ0| |_;;|;m|o= |_bv1_-m];7;r;m7;7om|_;_-0b|-|
o= oub]bmĺ $_; ;ru;vvbom ruo=bѴ; o= |u-mvrѴ-m|;7 v0|b7-Ѵ Ѵblr;|v
1_-m];7v_obm]]u-7-Ѵ-11Ѵbl-|bom|o|_;v|u;vv=Ѵbm|;u|b7-Ѵom;ĺ
m1om|u-v|ķ-=|;u-lom|_vr;m|-|7;r|_v0;ѴoƐƔlķ|_;;ru;v-
vbomruo=bѴ;o= |_; |u-mvrѴ-m|;7 bm|;u|b7-Ѵ-mbl-Ѵv Ѵ-u];Ѵ u;l-bm;7
|_;v-l;ĺѴ|_o]_|_;l;|-0oѴbvlo=m|-u1|b10;m|_b1vr;1b;vbv
l1_vѴo;u|_-m|;lr;u-|;-mbl-ѴvŐ;1hķƑƏƐѵőķ];m;;ru;vvbom
u;vromv;v 1-m 0; u-rb7 b|_ vb]mb=b1-m| u;vromv;v v;;m b|_bm -m
_ouķ-vl;-vu;7bm_;-|v_o1h;r;ubl;m|vru;bovѴr;u=oul;7
om|_bvvr;1b;vŐѴ-uhķu-v;uķş;1hķƑƏƏѶőĺ;m1;ķ|_;Ѵ-1hou;u
vѴou-|;o=1_-m];bm];m;;ru;vvbomruo=bѴ;vo=|_;|u-mvrѴ-m|;7
-mbl-Ѵv-vvurubvbm]-m7|_;u;=ou;o|_;u=-1|ouvu;]Ѵ-|bm]];m;
;ru;vvbomlv|0;bmoѴ;7ĺ$_;v0f;1|o=|_;v;;r;ubl;m|vķ|_;
m|-u1|b1Ѵblr;|bv-0uo-71-v|vr-m;u-m7|_v_-v|_;-7-m|-];
that such evaluations are made on the basis that the ecotypes sam-
rѴ;7 -u; =uol |_; v-l; ];m;|b1 rorѴ-|bomĺ $_;u;=ou;ķ |_; 7b==;u-
;m1;vbm;ru;vvbomruo=bѴ;v0;|;;mbm|;u|b7-Ѵ-m7v0|b7-Ѵ1o_ou|v
u;ru;v;m|;7r_;mo|rb1rѴ-v|b1b|-m7;u;mo||_;u;vѴ|o=];m;|b1
7b==;u;m|b-|bomķ-vvrrou|;701uu;m|-m7ru;bov];m;|b1-m-Ѵ-
v;v Őo==l-m ;|-Ѵĺķ ƑƏƐƏőĺ $_; bm|;u|b7-Ѵ -m7 v0|b7-Ѵ ;ru;vvbom
ruo=bѴ;v ;u; -vvo1b-|;7 b|_ 7b==;u;m1;v bm l;|_Ѵ-|bom r-||;umvķ
_b1_7blbmbv_;7bm|_;1ollom]-u7;m;r;ubl;m|o;uƖlom|_v
-Ѵom]b|_|_;7olbm-|bm]bm|;u|b7-Ѵ];m;;ru;vvbomr-||;umĺ$_;v;
7-|-v|uom]Ѵv]];v| |_-|;rb];m;|b1 u;]Ѵ-|bom Ől;|_Ѵ-|bomől-
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;ru;vvbomu;vѴ|vķv_obm]ru;7olbm-m|
=m1|bom-Ѵ]uorvbm;-1_|u-mvrѴ-m|;7
]uor-m7v_-u;7|u-mv1ubr|v1olr-u;7
b|_1om|uoѴv0|b7-Ѵ-mbl-Ѵvĺou-=ѴѴv;|
o=];m;	vķv;;|-0Ѵ;vbm	-|-"Ɠķ"Ɣ-m7
$-0Ѵ;v"Ɛķ"Ƒ
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rѴ--vb]mb=b1-m|uoѴ;bmv_-rbm]|_;r_vboѴo]o=|_;v;-mbl-Ѵv|o
|_;bur-u|b1Ѵ-u_-0b|-|Őbm|;u|b7-Ѵouv0|b7-Ѵőĺ
_vboѴo]b1-ѴѴķ N. concinna shows considerable modifications 
-11ou7bm] |o _-0b|-| om; -m7 7;r|_ ŐouѴ; ;|-Ѵĺķ ƑƏƐƏĸ )-ѴѴ;u
;|-Ѵĺķ ƑƏƏѵĸ );b_; ş 0;Ѵ;ķ ƑƏƏѶőĺ m -77b|bom |o |_; r0Ѵbv_;7
7-|-ķ=u|_;u7-|--u;--bѴ-0Ѵ;v_obm]|_-|v0|b7-Ѵ-mbl-Ѵv_-;
almost double the wet body mass compared with intertidal ani-
l-Ѵv Ő	-|-"Ƒő-m7 |_-| |_; |_;ul-Ѵ Ѵblb|vo= bm|;u|b7-Ѵ-mbl-Ѵv-u;
_b]_;uĺ$_;rr;uѴ;|_-ѴѴblb|o=-mbl-Ѵv-ul;7-|ƐŦņ_u-vƒĺѶŦ
_b]_;ubmbm|;u|b7-Ѵ-mbl-Ѵv1olr-u;7b|_|_ov;bm|_;v0|b7-Ѵom;
(HƷƑƒĺƔƏķ dfƷƐķ pƺĺƏƏƐő Ő	-|-"Ɛőĺ $_vķ |_;u; bv 1omvb7;u-0Ѵ;
;b7;m1;|_-||_;u;-u;7;=bm;7r_vboѴo]b1-Ѵu;tbu;l;m|v=ou Ѵb=;
bm |_;|o7b==;u;m|om;vķ-Ѵ|_o]_|_;u;-u;1Ѵ;-uѴ7;r;m7;m1
;==;1|vĺou;-lrѴ;ķ|_;ub]_|bm]-0bѴb|o=0o|_=oulvbvu;Ѵ-|;7|o
v_;ѴѴv_-r;ķb|_ub]_|bm]0;bm]lou;;==b1b;m| bm bm|;u|b7-Ѵ-mbl-Ѵv
ŐouѴ;;|-ѴĺķƑƏƐƏőĺ$_; bm|;u|b7-Ѵ-mbl-Ѵv-u;-Ѵvo0;||;u-0Ѵ; |o
vub;_rob--v|_;u;bv-0b]];u-buro1h;|u;v;u;bm|_;|-ѴѴ;u
v_;ѴѴv Ő);b_;ş0;Ѵ;ķƑƏƏѶőĺ$_;ul-Ѵ|oѴ;u-m1;1-m0;u;Ѵ-|;7|o
|_;7b==;u;m||_;ul-Ѵ_bv|oub;vo=|_;|oom;vķb|_bm|;u|b7-Ѵ-mb-
l-Ѵvu;]Ѵ-uѴ;rov;7|o-bu|;lr;u-|u;vbm;1;vvo=|_;v_-ѴѴo
v0|b7-Ѵ-|;uvŐѴ-uhķ;bvvѴ;uķ;|-ѴĺķƑƏƏѶőĺ$_;v;7-|-omѴblr;|v
-u;-Ѵb7-|;70r_vboѴo]b1-Ѵ7b==;u;m1;v=om70;|;;mbm|;u|b7-Ѵ
-m7v0|b7-ѴrorѴ-|bomvo=o|_;uvr;1b;vĺou;-lrѴ;ķ;-Ѵ-|bomv
o=1Ѵ-l-m7lvv;Ѵvr;1b;vv_o|_-|bm|;u|b7-Ѵ-mbl-Ѵv;_b0b|l;|-
-0oѴb1u-|;7;ru;vvbomķ_b]_;uu-|;vo=-m-;uo0b1l;|-0oѴbvlķ-0bѴb|
&!ƓՊ STRINGo|r|v_obm]r|-|b;ruo|;bmŋruo|;bm
interactions for 9- month acclimated intertidal animals. Transcripts 
u;ru;v;m|;70u;71bu1Ѵ;v-u;r|-|b;-m|bob7-m|vĸ]u;;m1bu1Ѵ;vĹ
involved in the pentose shunt and carbohydrate metabolism; 
;ѴѴoĹl;l0u-m;|u-mvrou|;uvĸ0Ѵ;Ĺ-ubov=m1|bomvĹ	Ƒ
Őm;uo|u-mvlbvvbomőķ""Őm=oѴ7;7ruo|;bmu;vromv;őķ&
Ő]Ѵ|-l-|;l;|-0oѴbvlőķĹŐbllm;őķƐŐ1;ѴѴ-7_;vbomőĺ
$u-mv1ubr|vbmoѴ;7bm]Ѵ|-|_bomѴ-|bom-u;]uor;7bm|_;0Ѵ-1h
circle
;m;	 ;m;m-l; |-|b;=m1|bom
Ɛ $Ŋ0bm7bm]1-vv;||;v0=-lbѴ
member
Membrane transporter
 Ɠ t-roubmƓ Membrane transporter
"" vr-u-]bm;vm|_;|-v; moѴ;7bm|_;&m=oѴ7;7uo|;bm
Response
$ Catalase m|bob7-m|
Ɛ b0Ѵbm Cell adhesion
	Ƒ Ѵ|-l-|;7;1-u0oѴ-v;Ƒ ;uo|u-mvlbvvbom
$Ƒ Ѵ|-lbm;Ŋ=u1|ov;ŊѵŊr_ovr_-|;
transaminase 2
Ѵ1ov;=Ѵbm|o|_;_;ov-lbm;
pathway
& Ѵ|-l-|;Ŋ-llomb-Ѵb]-v; Ѵ|-l-|;l;|-0oѴbvl
"$Ɛ Ѵ|-|_bom;ŊS- transferase Ѵ|-|_bomѴ-|bomķ-m|bob7-m|
"$$Ƒ Ѵ|-|_bom;ŊS- transferase Ѵ|-|_bomѴ-|bomķ-m|bob7-m|
HK1 ;ohbm-v;Ɛ Ѵ1oѴvbv
"$Ƒ Microsomal 
]Ѵ|-|_bom;ŊS- transferase
Ѵ|-|_bomѴ-|bomķ-m|bob7-m|
 ;Ѵor;uob7-v; Immune
	 _ovr_o]Ѵ1om-|;7;_7uo];m-v; ;m|ov;v_m|r-|_-
"ƐƑ Solute carrier family 1 member Membrane transporter
"ƕƔ Solute carrier family 7 member Membrane transporter
$	Ɛ Transaldolase Important for the balance of 
metabolites in the pentose shunt 
pathway
$ ƒՊ;m;b7;m|b=b;uvķm-l;v-m7
putative functions of transcripts involved 
in the major network identified in the 
STRINGruo]u-l=ouƖŊlom|_-11Ѵbl-|;7
intertidal animals
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=ou-bu0u;-|_bm]-m7]u;-|;u_rob-|oѴ;u-m1;1olr-u;7b|_|_;bu
v0|b7-Ѵ1o_ou|vŐѴ|b;ubķƑƏƏѵĸ$-]Ѵb-uoѴoķѴ-b;uķ_--7ķoh;mķ
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Similar data were found in analyses of metabolic cycles in intertidal 
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state of the cytoskeleton as an important indicator of cell health 
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